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CHEMISTRY 
(Semi-Annual Report, January-June, 1959) 
UnderthedirectionofF. H. Spedding, C. A. Goetz, C. V. Banks, 
L. S. Bartell, J. D. Corbett, A. H. Daane, F. R. Duke, 
V. A. Fassel, J. S. Fritz, R. S. Hansen, L. D. 
Jennings, D. S. Martin, J. E. Powell, 
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Physical and Inorganic Chemistry 
1. Separation of Rare Earths by Ion-Exchange (B'. H. S},il1e'd-dlildg and J. E. Powell) 
1. 1 Pilot Plant Separations 
The six-inch column pilot plant has been kept in operation during the 
past six months for separation of odds and ends of rare-earth mixtures. 
The following noteworthy rare-earth fractions have been prepared. 
Table I 
Noteworthy Quantities of Pure Rare Earths 
Produced During .January-June, 1959 
Material (> 99. 9o/o) Wt. in grams 
La2o 3 12,677 
Pr6o 11 5,258 
Nd2o 3 11, 541 
Eu2o 3 345 
Gd2o 3 20,477 
Tb4o 7 4,549 
Ho2o 3 17,299 
Y203 9,414 
Total 81,560 
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1. 2 The Order of Elution of Rare Earths and Some Common Elements 
with NTA 
The following elution sequence has been observed in the elution of 
rare earths and some common elements, using 0. 03M ammonium 
nitrilotriacetate at a pH of 9. 0. 
Cu+2 , Th+4 , Ni+2 , (Al+3 , Pb+2 ), Zn+2 , Lu+3 , Yb+3 , Tm+3 , Er+3 , 
Cd+2 , Ho+3 , Dy+3 , y+3 , U02 +2 , Sm+3 , Nd+3 , Pr+3 , Ce+3 , La+3, Mn+2 , 
C +2 M +2 B +2 S +2 B +2 a, g, e, r, a. 
With NTA, EDTA and HEDTA the divalent cations studied elute in the 
d C +2 N. +2 Pb+2 z +2 C +2 or er, u , 1 , , n , o , 
B +2 s +2 e , r , B +2 a , but the occurrence of the individual ions of this sequence 
with respect to the trivalent rare-earth sequence varies with the eluant 
used. 1 
2. The Solubilities of Some Rare-Earth Compounds (J. E. Powell) 
2. 1 Rare Earth-EDTA Compounds 
During runs with the lighter rare-earth elements there is a tendency 
for the compound HRCh· nH20 (R = rare earth; Ch = EDTA anion) to form 
although the EDTA concentration of the eluant is only 0. 0153M. If no heavy 
rare earths are present, it is feasible to alleviate this difficulty by increasing 
the eluant pH from 8. 4 to about 8. 6. It should be remembered, however, 
\ 
that too high a pH promotes the formation of another insoluble species, 
') 
Cu2Ch, in the bed of retaining ion and decreases the ability of cupric ion 
1 USAEC Report, ISC-1049, p. 8. 
ll 
to retain heavy rare earths. Apparently the best solution to the problem 
is to keep the eluant pH at 8. 4 and simply lower the EDTA concentration 
somewhat so that the solubilities of the HRCh· nH20 species will not be 
exceeded. From preliminary investigations it appears that the hydrated 
HRCh species of the light rare earths , La-Gd, are less soluble in hot 
water than in cold water. The hydrated HRCh species of the heavy rare 
earths, Tb-Lu, are more soluble at elevated temperatures, but the 
increase in solubili ty with temperature is not very rapid. The solubilities 
of the HRCh species from Tb to Lu have been measured at both 25° and 60°C 
and are reported in Table II. Difficulty in obtaining reproducible results has 
been encountered with the HRCh spec i es of the other rare earths and further 
investigations are necessary. 
2. 2 Lanthanum Trichloride Heptahydrate 
The solubility of lanthanum trichloride heptahydrate in water was measured 
from oo to 95°C, and was found to be somewhat less than reported by Friend 
2 
and Hale at all temperatures. The new data are reported in Table III. 
2. 3 Lanthanum Trichloride Hexahydrate 
The controversy oveJ; the existence of LaCl3 · 6H20 led to an investigation 
of this compound. It was found that LaC1 3 · 6H20 could be prepared by 
melting crystals of LaC1 3 · 7H20 in a stoppered bottle, at a temperature just 
above 95°, cooling to about 60°, and then shaking the liquid. Occasionally 
LaC1 3 · 7H20 forms under these conditions , but the propuct is usually 
2 J. N . Friend and R. W. Hale, J. Chern. Soc. 670 (1940). 
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Table II 
The Solubility of Some Rare Earth-EDTA Species 
Compound Solubility (g HRCh/lOOg H 20),!< 
zsoc 60°C 
HTbCh 0.70 0.86 
HDyCh 0.74 0.90 
HHoCh 0.77 0.96 
HErCh 0.91 1. 13 
HTmCh 1. 09 1. 31 
HYbCh 1. 38 1. 59 
HLu:Ch 1. 65 1. 90 
HYCh 0.87 0.90 
* The solubilities of these compounds were determined by equilibr ating 
anhydrous HRCh compounds with water for several months . Since the 
material was finely divided it was not possible to ascertain readily 
whether the material in contact with the saturated solution was still 
anhydrous or had reverted to a hydrated form. The original anhydrous 
compounds were all prepared by concentrating pure rare-earth eluate 
from ion-exchange columns at the boiling point and then drying the compound 
) 
which separated in an oven at 100°C. 
' 
Table III 
The Solubility of Lanthanum Trichloride Heptahydrate 
Temperature "'C g LaC1 3 · 7H20/100g H 20 
0 251. 6 
10 258.9 
20 275.5 
25 284.5 
30 294.9 
40 321. 7 
50 364.3 
60 415 
70 512 
80 686 
90 1500 
94 6300 
95 00 
LaC1 3 · 6H20, which can be identified by the fact that the solid phase 
redissolves in the liquid at about 70 9 C. If LaC1 3 · ?H20 forms, it does 
13 
not remelt until i t reaches 95 oc. The crystals of LaC1 3 · 6H20 which form 
under the above conditions are dendritic and cannot be separated readily 
. from the mother liquor. However, if the mixture is reheated to about 70 o, 
14 
so that all but a few crystals dissolve, and is allowed to cool very slowly, 
large crystals can be grown. If the mixture is cooled to about 35 o. it 
reverts to LaC1 3 · 7H20, spontaneously. It is quite difficult to isolate 
LaC1 3 · 6H20 in pure form because any great disturbance, such as blotting, 
touches off the formation of the more stable, less soluble LaC1 3 · 7H20. 
The saturated mother liquor is ·syrupy and clings tenaciously to the crystals 
of LaC1 3 · 6H20 so that filtration is difficult. 
The solubility of La:Cl 3 · 6H20 in water has been measured from 40° 
to 72°C. The data are reported in T a b.J_(e IV. 
Table IV 
The Solubility of Lanthanum Trichloride Hexahydrate 
Temperature oc g LaC13 · 6H20/100g H20 
40 526 
45 576 
50 621 
55 750 
60 850 
65 1200 
70 2100 
71. 2 2300 
72.5 2700 
.. 
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2. 4 Other Rare Earth Chloride Hexahydrates at 0 o, ~5o and 6 0 oc 
The solubilities of the hexahydrated trichlorides of the rare earths, 
neodymium through lutetium, were measured at several temperatures. 
The data are given in Table V. 
Table V 
The Solubilities of Hexahydrated Trichlorides of 
the Rare Earths 
Compound g RC1 3 · 6H20/100g H 20 
oo 25° 
NdC1 3 · 6H20 225 247 
SmC13 · 6H20 2.10 224 
EuC1 3 · 6H20 207 2.18 
GdC13 · 6H20 210 219 
TbC1 3 · 6H20 208 218 
DyC1 3 · 6H20 215 226 
HoC1 3 · 6H20 225 238 
ErC13 · 6H20 238 245 
TmC13 · 6H20 248 . 257 
YbC13 · 6H20 260 274 
LuC1 3 · 6H20 26 7 ( ? ) 295 
YC1 3 · 6H20 199 217 
60° 
298 
260 
250 
252 
246 
254 
262 
270 
27.9 
300 
319 
233 
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3. Studies of Hydrate Decomposition with the Thermalbalance (F. H. Spedding and 
3. 1 Thermal Decomposition of LaC1 3 · 7H20 
J . E. Powell) 
Wendlandt3 has studied the thermal decomposition of LaC1 3 · 7H20 by 
means of a thermalbalance, but due to his rapid rate of heating (5. 4°C per 
minute) he only found levels which corresponded to LaC1 3 · 7H20, LaC1 3 and 
LaOCl. By using much slower rates of heating, it has now been established 
that the heptahydrate decomposes to the trihydrate at 53-54°C, that the 
trihydrate goes to the monohydrate at 90-96 oc and that the monohydrate 
decomposes to give somewhat hydrolyzed anhydrous LaC1 3 between 130 and 
135°C when heated in air having a partial pressure of water equal to about 
10 mm of mercury. The decomposition proceeds as follows: 
90-96; LaC1 3 · 3H20 _2H O 
2 
L Cl · H 0 130 - 135 ;_ 
a 3 2 -H20 
Evidence of the hexahydrate, LaC1 3 · 6H20, was not observed in these 
thermolysis experiments, a~though LaC1 3 · 6H20 does separate from aqueous 
solution under proper conditions. 
4. Stability Constants of Rare-Earth Chelates (J . . E. Powell) 
4. 1 With Diaminodiethylethertetraacetic Acid 
' The stability constants of the 1:1 chelate species formed between the 
rare earths and the tetravalent anion of diaminodiethylethertetraacetic 
acid were measured by the polarographic method, described by Wheelwright, 
3 W. W. Wendlandt, J. Inorg. Nucl. Chem. 5, 118 (1957). 
17 
4 Spedding and Schwarzenbach. The value s , uncorrected for t h e effect of 
acetate ion u s ed as the buffer, are given in Table VI. 
4. 2 With Ethyleneglycol- bis(2-aminoethyl)ether-tetraacetic Acid 
The stability constants of the 1:1 chelate species formed between the 
rare earths and the anion of ethyleneglycol- bis (2 -aminoethyl)ether-
tetraacetic acid were measured by the polarographic method. The values 
in Table VII have not been corrected for the effect of acetate which was 
used as a buffer. 
4. 3 With· Diaminocyclohexanetetraacetic Acid 
The stability constants of the 1:1 chelate species formed between the 
rare earths and the anion of diaminocyclohexanetetraacetic acid were 
1neasured by the polarographic method. The values in Table VIII have not 
been corrected for the effect of acetate which was used as a buffer. 
Schwarzenbach, Gut and Anderegg have previously measured most of these 
5 
constants. The two sets of data are in fair agreement, except for yttrium. 
Schwarzenbach's value for the yttrium-DCTA stability constant places 
yttrium between gadolinium and terbium. The value given here places 
yttrium between terbium and dysprosium. 
5, Primary Standard for Alkalimetry and Chelometry (J. E. Powell) 
A paper entitled "A Prima~y Standard for Alkalimetry and Chelometry" 
by Jack E. Powell, James S. Fritz and Dean B. James was submitted for 
publication in Anal. Chem. 
4 E. J, Wheelwright, F. H. Spedding and G. Schwarzenbach, J. Am. Chem. 
Soc. 75, 4196 (1953}. 
5 G. Schwarzenbach, R. Gut and G. Anderegg, Helv. Chim. Acta, 37, 936 ( 1954). 
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Rare Earth 
La 
Ce 
Pr 
Nd 
Sm 
Eu* 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
y 
Table VI 
Stability Constants of Rare Earth-Diamino-
diethylethertetraacetate Complexes 
in 0. 1 M KN0 3 at 20°C. 
+2 o/o Uncomplexed Cd 
40.2 
63.8 
75.3 
79.3 
86.4 
85.9 
87.2 
87.0 
85.4 
85.5 
82.9 
83.7 
81.4 
79.0 
log KMch-
15.92 + .08 
16. 76 + . 08 
17. 24 + . 10 
17.44 + . 11 
17. 88 + . 15 
18. 04 + . 15 
17. 84 + . 15 
17. 94 + . 16 
17.92 + .16 
17. 80 + . 15 
17.81+.15 
17. 64 + . 13 
17. 69 + . 13 
17. 55 + . 12 
17. 42 + . 11 
* The europium could not be measured against cadmium since the half -
wave potentials for europium and cadmium are too similar. The value 
given here was obtained by comparing europium against neodymium and 
dysprosium. 
; 
Rare Earth 
La 
Ce 
Pr 
Nd 
Sm 
Eu>:C 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
y 
Table VII 
Stability Constants of Rare Earth-Ethyleneg1ycol -
bis( 2 -aminoethyl)ether-tetraacetate complexes 
in 0. l M KN03 at 20°C. 
+2 
o/o Uncomplexed Cd 
27. l 
32.5 
35.2 
46.8 
65.4 
71. 6 
77.9 
78.9 
80.0 
81. 8 
80.9 
85.2 
88.6 
63.2 
15. 87 + . 08 
16.09+.08 
16. 20 + . 08 
16 . 62 + . 08 
17. 28 + . 09 
17 . 80 + . 09 
17.53+ . 10 
17.83 + .10 
17 . 87 + . 11 
17 . 93+ . 11 
18.03+.12 
l 7. 99 + . 12 
18 . 25 + . 15 
18.51 + .17 
l 7. 19 + . 08 
>:C See explanation at bottom of Table VI. 
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Table VIII 
Stability Cqnstant~ of Rare Earth-Diamino-
cyclohexanetetraacetate Complexes in 
0. 1 M KN0 3 at 20°C . 
+ Rare Earth o/o Uncomplexed Cd log KRCh-
This work Schwarzenbach, et al. 
La 2.4 16.00 +.55 16. 26 + . 17 
Ce 5.2 - - ·. 16.71+.43 16. 76 + . 17 
Pr 7.7 .17.07 + .28 17.31+.12 
Nd 9.8 17.31+.21 17. 68 + . 07 
Sm 22.2 18. 14 + . 10 18.38 + .07 
Eu 
-----
---------= 18. 62 + . 06 
Gd 35.3 18. 70 + . 07 18.77+.06 
Tb 52.7 19.32 + .07 19. 50 + . 06 
Dy &&.:4 .. ' 19.78 + .08 19.69 +. 06 
Ho 712.9 ' 20.05+.08 
--------- co 
Er 80. 1 20.44 + .12 20. 68 + . 09 
Tm 83.5 20.64 +. 13 20.96 + . 09 
Yb 89:5 ..: 21. 09 + . 20 21. 12 +. 09 
Lu 90.0 21. 14 + . 22 21.51+.09 
y 60.6 19. 60 .+. 08 19. 15 + . 04 
Abstract - Cadmium acid N-hydroxyethyl-N, N'N'-
ethylenediaminetriacetate (HCpV) is shown to be an excellent 
reagent both for the standardization of bases and for stand-
ardization of chelating agents such as EDTA. HCdV is easily 
prepared and purified, is non-hygroscopic and stable, and has 
a high molecular weight. It is a stronger acid than most 
alkalimetric primary standards. For use as a chelometric 
standard, a few minutes ' boiling with aqueous per sulfate is 
necessary to oxidize the organic portion of the molecule. 
2.1 
6. Separation of Isotopes by Ion-Exchange (F. H. Spedd1ng and J. E. Powell) 
6. 1 The Isotopes of Sulfur 
A study of the separation of isotopes by use of ion-exchange resins 
was continued. One phase of the work which showed particular promise 
was an attempt to separate sulfur isotopes by elution of hydrosulfide ion 
on a bed of hydroxide-form, anion-exchange resin with dilute hydrochloric 
acid. A fourteen-inch long band of HS- on a one-inch diameter column 
was eluted down 80 inches of hydroxide-form Permutit SK resin with 
0. 03 N hydrochloric acid at a flow rate of 1. 5 ml per m inute. Mass-
spectrometric analyses of the fifteen fractions collected are given in 
Table IX. 
7. Rare-Earth Metallurgy (F. H. Speld'ltting and A. H. Daane) 
7. 1 P,reparation of Rare Earth Metals 
A high temperature still has been devised in which high purity yttrium 
metal has been pre pared. The crude yttrium is heated in a high vacuum in 
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Table IX 
Analysis of the Hydrosulfide Elution Experiment):< 
Sample %S32 o/c 3 3 oS %S34 
Feed 94.99 0.77 4.24 
1 93.86 0.83 5.35 
2 93.84 0.86 5.30 
3 94. 31 0.80 4.89 
4 94.56 0.78 4.66 
5 94.69 0.77 4.55 
6 94.78 0.77 4.46 
7 94.79 0.76 4.45 
8 94.85 0.76 4.39 
9 94.92 0.75 4.32 
10 95. 16 0.73 4. 11 
11 95.07 0.73 4.19 
12 95.00 0.73 4.25 
13 
-- ---
14 95.38 0.72 3.91 "' 
15 95.47 0. 71 3.80 
):c Analysis performed by _mass - spectrometric group of the Ames Laboratory 
under the direction of H. J. Svec. 
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the bottom of a tantalum-still tube at 2000 to 2200°C , while the upper 
portion of the tube is held .at l400°C, Sixty to 100-gram charges have 
be en p rep ared in this apparatus, with oxygen content s as low a s 120 ppm, 
and an average value o f 300 ppn1.. Tungs t e n s erve s a s well a s tantalun 1 
fo r t h e s till assembly, but is more difficult to fabricate. Other rare-
earth m etal s have been prepa.red in thi s app aratus under less strenuous 
conditions. 
In the prep aration of p lJ.re . rare:..earth metals by distillation as 
described above, the condepsate must often be renwved from a tantalum 
condens er. For scandium, .. yttdutn and mo s t of the rare earth metals, this 
m ay be accom plished b y di .ssol v ing away the tantalum m etal in a l : l m ixture 
of concentrated nitric acid and, 48 o/o h ydrofluoric acid. The rare earths are 
not attacked more than superficially by this solution. 
It was necessary rec.ently to prepare several hundred small spheres 
of rare-earth metals, 2 to 4 mm in dia1neter. This was accomplished 
handily by cropping crude pieces of the metals from castings and placing 
them in an arc-melting furnace on the water-cooled hearth. A momentary 
arc was struck on each piece, ~nd it qui.ckly melted up into a sphere. 
These spheres could be fol;'med at the rate of 15 per m inute, 
A device for filtering rare-earth metal s through s intered tung s ten wa s 
developed. Using this device, some indication of removal of tantalum fr01n 
yttrium was ob s erved. 
Distillation of a small a m ount of yttrium m etal wa s accom plished by 
electron bombardment of a sample under a high vacuum. 
24 
7. 2 Properties of Rare - Earth Metals 
7. 2 . 1 Melting Point Determinations (].: , H. Sp:edding and A. H. Daane) 
Using di sti lled specimens , melting points of some rare-earth metals 
have been re - measured, employing t he method of P irani and Althethum. 
The data are given i n Table X. 
7. 2. 2 Thermal P r operties of Ytterbium (E. H. Sp~ng and A. H. Daane) 
The heat of fus i on and transition of ytterbium have been found to be 
1800 cal/mole and 425 cal/ mole respecti vely, wit h a final small correction 
to be applied after treatment of data by a computer. 
' i 
'l&r 
Y&y_ (melted i n Ta) 
L u 
Lu (melted in Ta) 
Tb 
Tb (melted in Ta) 
Dy 
Ho 
Er 
Tm 
Table X 
Melting Points of Some Rare Earths 
Melti ng Point 
1509 + 5 
1540 + 5 
1652 + 5 
1.680 + 5 
1356 + 5 
1355 + 5 
1407 + 5 
1461 + 5 
1497 + 15 
1545 + 15 
oc 
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7. 2. 3 Heat Capacity of Samarium (~. H. Sp~__g; )and L. D. Jennings) 
A paper, "The Heat Capacity of Samarium from 13° to 350°K 11 by 
L . D. Jennings, E. Hill and F. H. Spedding was submitted for 
publication in_:!. Chern . Phys. 
Abstract ~ Samarium shows anomalies in its heat capacity near 
13°K and at 105. 8°K. The former has already been shown to be 
magnetic in origin; it appears certain that the latter is also , although 
there is only a slight sign of an anomaly in the magnetic data near 
105 o . The magnetic ordering does not appear to be explicable on 
t h e assumption of an isotropic S· S coupling mechanism. The 
thermodyn amic functions are tabulated for the temperature reg ion 
s tudied . 
7 . 2 . 4 Magnetic Properties (F. H . Spedding and L . D . Jennings ) 
We have examined the initial susceptibility of gadolinium by the mutual 
inductance method . The goal was to find whether or not this relatively 
well behaved ferromagnetic material gave the complicated temperature 
dependence of susceptibility which we have observed in other cases . We 
found that the susceptibility rose to a simple maximum near the Curie 
temperature . 
We have similarly examined samarium in the region of the heat 
capacity anomaly near 105°K. We find that the results in the small 
m easuring field used in these experiments are in agreement with those 
at higher fields which have been used previously . These results are thus 
different in form than for terbium where the s uscep tibility at low fields was 
completely different from that at high fields . 
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7. 2. 5 Other Physical Properties (F. H. Spedding and A . H. Daane) 
The electrical resistivity of s candium metal ha s been found to be 23. 2 
and 27.2 1nicrohm em at 26° and 100°C, respectively. 
High te1np erature electrical resistivity n1easurement s on the heavy 
rare-earth Inetals have revealed the data of Table XI. The trans ition in each case 
is frmn the low temperature hexagonal form of the 1netal to the body-centered-
cubic form. This transition appears to be related to the c/a ratio of the 
hexagonal unit cell, for the transition appears to occur at a temperature where 
the c/a ratio is 1. 601.:!:. 0. 001. Erbium has a much slower increase inc/a 
ratio with temperature, and it never reaches the value 1. 601, and has not 
been observed to undergo a high temperature transformation. For the light 
rare earths, the c/ a ratio at the transformation is 1. 619 + 0. 002. 
Element 
Gd 
Tb 
(hysteresis loop 
Dy 
Ho 
Lu (hysteresis loop 
Table XI 
Transition 
1262° 
1316 
1005 to 1115°) 
1391 
1442 
1407 to 1260°) 
Resis tivity at 1000°C 
microhm em. 
196 
199 
180 
7. 3 Rare-Earth Alloy Studies (F. H. Spedding and A. H. Daane) 
The La-Y, La-Gd, La-B, Y -Ni and Gd- Y alloy systems have been 
completed. 
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The Y-Cu system appears to contain the compounds YCu, YCu2 , 
YCu4 , and YCu6 . 
A eutectic has be.en observed in the YF 3 - Y 20 3 system at 3 to 5% 
7. 4 Melting Points of Rare-Earth Halides 
Melting points of a number of rare-earth halides were determined. 
The results are given in Table XII. 
8. Ionic Mobilities in Fused Salts (F. R. Duke) 
Work was completed on the alkali chlorides and silver chloride. It 
was found that pyrex membranes have apparently an elec~smotic effect 
and are unsuitable for membranes in the case of sitver chloride work. In 
r 
general, the alkali chlo'rides fit ~he radius ratio theor.y; that is, t+ = -r-~--­
- + r + 
where t+ is the transport number of the positive ion~· and r + and r _ are 
the ionic radii. Cesium chloride and silver chloride do not fit this formula. 
A paper, "Ion Mobilities in Pure Fused 'Silver Chloride" by F. R . 
• Duke, A. L. Bowman, E. Wolf and H. Garfinkel was presented at the New 
York Academy of Science Symposium in April, 1959. 
9. Acid-Base E'quilibria (F. R. Duke) 
" A acheme was discover·ed for determining the absolute concentration 
of N02 +in acidic -f~sed alkali nitrates. When an acid as strong as s2o 7 = 
is added to the fused nitrateil, an appreciable fraction of the acidity 
appears in the form of N02 + as per the equation: 
= ------ + = s2o 7 + N03 ~ N02 + 2SO 4 
Thus the equilibrium constant may be and has been determined. 
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Salt 
Cei3 
Ndi 3 
SmC12 
SmBr 3 
SmBr 2 
Smi3 
Smi2 
SmF2 
EuC1 3 
EuC12 
EuBr 3 
EuBr 2 
Eui3 
Eui2 
EuF 3 
Gdi 3 
Tbi3 
Dyi3 
Hoi 3 
.Eri3 
Tmi3 
YbBr3 
YbBr 2 
YbC12 
Table XII 
Melting Points of Some Rare-Earth Halides 
MP°C 
776 - transition - 574°C. 
562 
640 
606 
850 approximate - due to rapid 
' decomposition at this temperature 
520 
1330 
decomposes 
732 
decomposes 
683 
de~omposes 
580 
1276 
925 
946 
969 
989 
1001 
1017 
decomposes 
673 
702 
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A paper "Ac id E ase R _e actiono in F'u sed N itrate 11 b y F . R . Duke and 
S . Ya n1.a m oto was s u brnitted fo r p u b lication in ~· .£:~ · Che~:_. Soc. 
l 0 . The Sn(II). Reduction of Metl~yl O rang_c (F. R . Du ke ) 
A pa p er "The Sn(II) Reduction of Methyl Orange 11 by F. R. Duke and 
N. C. P eterson was submitted for p u b lication in~· P hy s . Chem. 
Abstract - The possibility that one particular Sn(II)-Chloride 
c.omplex might have high reactivity relative to others leads to this 
kinetic s tudy of the reduction of an azo compound to the a rnine : 
+ 8Cl + 4H + Ar-N = N-Ar + 2Sn(II) ------->- 2ArNH2 + 2SnC14 . 
The rates of reduction of a nun>ber of such compounds were measured 
by Goldschmidt and Braanaas, 6 who reported a variable order in 
chloride ion, first order in azo com pound, a n d first order in Sn(II). 
7 The recent e quilibrium data for t h e Sn(Il) chloride complexe s allow 
a rnore precise interpretation of the mechanism of the reaction 
relative to the role played by the chloride. The reduction of methyl 
orange was found to proceed at a convenient rate and, thus, was 
selected for study, 
11. Surface Chemistry 
11. 1 Study of Wetting Rate (R. S. Hansen) 
A theory of the sp reading of aqueous solutions of surface-active materials 
on hydrophobic surfaces was developed and app lied to the rate of wetting of 
6 H. Goldqchmidt and A. Braanaas, Z. Physik. Chem. 96·,~ 180 (1920). 
7 C. V. Vanderzee and D. E, Rhodes, J. Am. Chern. Soc. 74, 3552 (1952). 
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non-dewaxed canvas fabrics by detergent solutions. In this theory it is 
assumed that molecules at the liquid-air interfa,ce flow, in the course of 
spreading, to the solid-liquid interface, and that the replenishment of 
surface-active molecules at the liquid-air interface is rate limiting. 
Since the rate of this latter process can be measured independently by 
dynamic surface-tension measurements the theory is subject to quantitative 
test. Observed and calculated rates of wetting of c-anvas fabrics were in 
good agreement. 
11. 2 Effect of Excess of Adsorbate on Wetting of· Solid Surfaces 
(L. S. Bartell) 
A simple theory _has been devised which permits the calculation of 
wetting of solid surfaces by solutions as a function of surface excess of 
adsorbate. It agrees well with our recent novel experiments in which 
wetting and adsorption were .measured concurrently on the same surface. 
Because of the ability of molecules in a surface to mask the force fields 
of underlying molecules, the wetting of surfaces is generally influenced 
strongly by adsorption. While the problem has been understood in a 
qualitative way, and indeed, utilized in a wide variety of technological 
processes, no really direct , experimental data or quantitative theories 
have been available previously. 
The key to many observations on the packing of surface-active 
mole.cules in surface films, . a few molecules thick, was discovered. 
Anomalous structures (e. g., structures different from those found in 
the bulk crystals) which had often previously been attributed to specific 
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interfacial forces, were found to result from impurities. When very 
pure films were formed, the molecular packing beyond the first 
molecular layer was found to be characteristic of bulk phases. New 
regularities in mechanically induced molecular reorientation were found, 
and the packing in a variety of surface phases was characterized by 
electron diffraction. 
12. Gravimetric Adsorption Apparatus (R. S. Hansen) 
An automatically recording surface-film balance has been designed 
and constructed, and a preliminary demonstration of practicality 
completed by production of a spreading pressure - area curve for stearic 
acid on water at room temperature. The device clomprises a motor = 
driven barrier with motor coupled to the abscissa of a recorder, and a 
linear differential transformer attached to the force balance with output 
to recorder ordinate. 
13. Bismuth(!) Chloride (J. D. Corbett) 
It was pointed out in an earlier note (J. Phys. Chem., 62, 1149 
(1958) ) that the formation of the tetrameric (BiC1)4 was consistent with 
both the vapor pressures and freezing points of solutions of the monochloride 
in molten BiC1 3 . It has subsequently been found that the literature value 
used for the heat of fusion of BiC13 was seriousl-y: in error, and the dimer 
Bi2Cl2 now . appears to be more likely in these solutions. 8 
8 M. A. Bredig, . S. Yosim, private communications. 
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A determination of the ~t'ructure of solid BiCl is in progress. Precise 
lattice constants have been determined from back-reflection photographs, 
and data are now being . acc~mulated for the computation of a sharpened, 
three-dimensional Patterson. 
14. The Pr-PrX3 and Nd-NdX 3 Systems (J. D. Corbett) 
It has previously been found that in many other systems the apparent 
solution of metal in the molten halide is a result of the formation of a 
slightly stable subhalide. In the usual case the lower halide is stable 
only in the dilute molten salt solution although in some systems the 
amount of reduction is large enough to exceed the normal salt-lower salt-
eutectic composition so .that the product can be obtained as a stable solid 
., 
(e. g., Ga2Br 4 -GaBr and :BiC13..,B:iCl). 
Knowledge of such reduction characteristics of the rare earths under 
these circumstances has been limited to the system Ce-CeC1 3 . Cubicciotti 
(J. Am. Chern. Soc, 71 •. 41!9 (J949) ) found a surprisingly large "solubility" 
- .- , .. I 
of 32 mole% Ce in CeC1 3 at ·720°C, with separation of only the original 
components on solidification~ It has recently been shown that the reduction 
limit is actually only about ~o/o (CeC12 . 73 ), the previous results having 
been in error due to incorrect t~ansition and melting temperatures for 
cerium metal. (S. Senderoff and G. Mellors, J., Electrochem. Soc. 105, 
224 (1958), J. Phys. Chern., g,. 1110 (1959) ). Senderoff et al. , have 
alsm :suggested that the form~tion of Ce + as the solute accounts for EMF and 
conductivity measurements made on these solutions. 
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The metal-metal halide systems for other. rare-earth metals are 
now being investigated in connection with similar studies of other systems. 
An unexpected result of preliminary phase diagram and equilibration 
studies has been that the hitherto unknown neodymium(II) halides as well 
as a lower praseodymium iodide are stable in the solid state. 
In the system Pr-PrC1 3 the limiting reduction at 644.oC corresponds 
to a eutectic composition of about PrC12 . 5 + O. 04\in equilibrium with 
solid metal and trichloride. However, in the Pr-Pri3 system reduction 
beyond a eutectic at about Pri2 . 60 and 664°C occurs with the separation 
of an as-yet unidentified lower iodide. With NdC1 3 the reduction limit 
is, according to preliminary results, NdC1 2 . 56 and 640°C, cooling curve 
halts and powder pattern data indicate the presence of another compound 
near NdC12 . 3 , melting probably incongruently near 703°C. The powder 
pattern of the NdC1 2 product indicates it is isomorphous with the 
orthorhombic PbC12 (P rri.nb) , structure reported for SmC12 and EuC12 by 
Doll and Klemm (Z. anorg. allg. Chem. 241, 246 (1939) ). The reduction 
of molten Ndi3 by metal also produces a product near Ndi2 , m. p. 550 .. C. 
15. Mass Spectra of Volatile Inorganic Compounds (H. J. Svec) 
15. 1 Abundance of the Cr Isotope in Chromites 
Values for the absolute abundance of the stable Cr isotopes in a series 
of chromites were reported in ISC-1116. These were based on a study in 
which Cr02F 2 was used to introduce the element into the mass spectrometer. 
The data obtained were corrected for the oxygen isotopes on the assumption 
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that these corresponded most closely to those -Of the atmosphere. This 
appeared to be a valid assumpti on since the chromite ores used in the 
study were "opened" by fusion with Na2o 2 , the latter being commercially 
_made by the oxidation of Na by means of 0 2 prepared by the fractional 
distillation of liqui d air . 
In the course of other work a method was developed by means of 
which it is possible to measure directly_ the -abundance of the oxygen 
isotopes in a large variety of oxygen bearing compounds. In a study of 
these isotop.es in the Cr02F 2 it was discovered that the oxygen in this 
compound was not similar to that -in the atmosphere but was identical 
with that in the distilled water used in our laboratory. Thus the previously 
. reported values for the abundance of the Cr isotopes required correction 
with the new factors for the oxygen isotopes found in the direct study. 
Following are the cor-r-ected values : 
0 34 
2 
0 32 
2 
0 34 
2 
0 32 
2 
Cr02F 2 ; 
distilled H 20 
atmosphere 
= 0. 00393 + 0. 000005 
= 0.00409 + 0.00001 
When the 'first value above is applied to the Cr isotope data the new values 
, 
' 1-C.:C:~-.i ... C 
l:::c c orn e 
. ... 
. . 
r. ) Cr :) ,~ 
53 Cr 
Cr54 
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tL 352 + 0 . 024 
83 . 76 11 + 0 . 036 
9. 509 + 0. 02 7 
2. 375 + 0. 0 13 
where t h e er r or quoted ct,>,l',:responds to three tim e s the s tandard deviation, 
3o- • It shot,1ld be noted tb~t ordinarily the small corrections w ould se e m 
. I .-.-
inconsequential; however, the high precision of the abundance measurements 
rnakes the corrections necessary~ 
Since the princ.ip~l , Sq tJ;rce of c h e m ical Cr throughout the world is 
.. , 
chromite, the effect of the$e new values on the atomic weight of this element 
should be considered.11 l,J~~pg these value s and the m o s t recently published9 
and accepted values for the -masses of the Cr nuclide s , a value for the 
chemical atomic wei~htT~~;rnver s ion £actor = l. 000 2 75] of 51.998 5 ~ 0. 001 3 
i s obtained ~ 
b. M a ss Spectr~ of V,().F 3 
' •' ... 
This compound has been readily produced by heating either V 2.0 5 or 
Pb 2 V 20 7 with CoF 3 • The specie produced is much more volatile than is 
previously reported in the· literature. According to our mass spectrometric 
analyses, at least 99 "S ,+o/o- ·· ~:,:; · V9F 3 , the p rincipal impurity being HF. 
c. M a ss Spectra.~; Sta~n~ne, SnH4 
Work on the app ea::ance p otential s of the p ositive ions fro m stannane 
h a s been completed and t~e bond energies in the various ions are listed in 
Tab le XIII. 
9 Duckworth, 11 Ma s s Spec;~roqcqpy 11 , Cambridge Univer s ity Pre ss, England 
([ 9 58). 
'' . ;~-. 
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Bond 
+ SnH3 -H 
+ SnH2 -H 
SnH+ -H 
Sn+ -H 
Table XIII 
· Bond Energies of Stannane + 
16. Isotope Dilution Analysis for Oxygen (H. J. Svec) 
Energy (e. v.) 
o. 11 
0. 12 
0.38 
0.50 
A method has been developed for determining the isotope abundance of 
oxygen released from a variety of inorganic and organic compounds by the 
use of KBrF 4 . The reaction is carriedJout in an apparatus :which is attached 
to the inlet system of a mass spectrometer. Thus it is possible to 
continuously monitor the oxygen released during the reaction. [In none of 
the attempts made to date has any fractionation effect been observed.] The 
release of oxygen from v2o7 ;::., Cr04 =, Cr2o 7 =, so4 =, peroxides, oxides , 
water and N0 3 appears to be quantitative. By employing appropriate -1'spikes" 
of enriched oxygen compounds in an isotope dilution procedure, it is possible 
to assay a variety of oxygen compounds directly for macro-amounts of this 
element. The method has considerable promise in the study of substpichiometric 
oxygen containing compounds. With some modification it can be adapted as an 
absolute method for determining, with high precision, trace amounts of 
oxygen in other inorganic compounds. An effort is being made to apply the 
method to a large variety of inorganic compounds containing oxygen. 
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17. Mobile pi-electrons (K. Ruedenberg) 
The theoretical investigation of the ultra-violet spectra of aromatic 
hydrocarbons is being continued. For most cases, several approximations 
have been investigated. The approximations differ as to the amount of 
overlap which is included, viz., neighbor atom overlap, overlap up to 
third nearest neighbors, or ovedap between all atoms in the molecules. 
They also differ as to the amount of configura1funLinteraction which is 
included. Another effect studied is the influence of different interatomic 
distances between ne.ighbor atoms. Results have been obtained for the 
majority of aromatic hydrocarbons for which rather complete ultraviolet 
spectra are known, about sixty molecules. The comparison with experiment 
is generally satisfactory. 
A paper, "Spectral Characteristics of Several Series of More Unusual 
Aromatic Hydrocarbons" by E. Miller Layton, Jr. was accepted for 
publication by the_:!. Molecular Spectroscopy. 
Abstract - Electronic spectral energies and intensity data have 
been collected for several series of aromatic hydrocarbons with 
appropriate transition assignments corresponding to the Platt perimeter 
model. Typical systems represented are phenyl polyenes, polyphenyls, 
benzene quinonoids, biphenylenes, and molecules containing five- and 
seven-membered rings. 
18. Nature of the Chemical Bond (K. Ruedenberg) 
Theoretical investigation and numerical calculation has been continued 
on the problem of the nature of the chemical bond based on an analysis of 
rigorous molecular energy calculations. 
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The calculations on N 2 were finished , those on CO and H 20 have 
progressed considerably. In conjunction with the numerical work, certain 
theoretical aspects of the valence s tate concept have been analyzed m or e 
carefully; in particular it was possible to e s tablish the s ignificance of the 
virtual ionic states used to describe neutral atom s in molecules. They 
are connected with energetically unfavorable long-range interaction due 
to sharing of electrons between atoms, but they lead indirectly to an 
increase in short-range attractions. Moreover, increased attention has 
been given to a breakdown of the electron-density and the electron-pair-
density, besides that of the molecular energy. 
It has been possible to derive a partitioning into fragments which 
correspond to the following effects: Valence states of all atoms in the 
molecule; promotions of all atoms; long-range quasiclassical coulombic 
interactions; interaction of valence states; polarization effects; ionic 
interactions between atoms; long =range interactions due to electron 
sharing between all atoms; and short range overlap interactions. 
The analysis applies to rigorous solutions of the SchrodiiD.ger 
equation and can be used for any approximation to it. 
The results were presented at the June Conference for Molecular 
Quantum Mechanics in Boulder, Colorado. 
19. Three-Dimensional and One-Dimensional Free-Electron Orbitals 
(K. Ruedenberg) 
A paper, "Three-Dimensional and One - Dimensional Free-Electron 
Orbitals'' by Richard L. Hummel and Klaus Ruedenberg was submitted:. 
to J. Chem. Phys. for publication ., 
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~~-~_!:!.:act_ ~ The Sc hrtklinger Equ a tion i u s o lved f o r t h e 1·.wtion 
of a f r e e electron enclosed in a t o r o i d a l p illbox . Wave fu nc tions 
and e nergie s are deterrnined a ::.; f u n ctions o f t ~1e rat~o D :::: (c hannel 
w i d t h / m ean radius ) 7 which varie s fr om 0 t o 2 . It i s found t h at t h e 
one 6 dim ens ional approximation becmnes acceptable for .t!. = 1 or 
s lightly larger. The result is more £avorable than expected from 
asymptotic considerations alone for reasons which are discus sed. 
20 . Study of Conjugated Bond Systems (K. Ruedenberg) 
A s eries of pape:r;s op. "Quantum Mechanics of Mobile Electrons 1n 
Conjug ated B ond Systems" by K. Ruedenberg has been accepted for 
publication by J. Che.m , P lws , 
- ... . -~ 
I. General Analysis o£ the Tight-Binding Form ulation. 
Ab s tract ., The quaptum m echanical treatm e n t i s carried through 
for a s et of electron s in a homonuclear conjugated bond systein o f 
arbitrary s ize, incluP.i.rig electronic interaction and including all 
overlap effects between neighbor s . All f ram ework contributions 
are obtained b y e:'lCp licit integ rati,on over th e frarnew ork ham iltonian, 
in clud i ng the e ffect of npn~conjugated nei ghbor a t ornG and d ifferent iat in g 
betw een d i ffe r ent t _ype, s oJ Conju gat ed a t om s (j oint, non - joints , e tc. ) . 
E x p re s s ions ar ~ g-iv~n 1f'o r t he g:rou ndstat e energy , i omza tio n p otential , 
electron a ffinity i ele.b troneg ati vity, and fo r t h e c onfiguration interaction 
1natrix for the calculation of excite d s tates , a ssu rning s ingly excit ed 
configurations. The resuits take simple forms permitting instructive 
interpretations. The partial additivity of one-electron binding-energy 
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contributions and the approximate validity of the 11neglect of differential 
overlap 11 is p roved. In the s econd p aper of the se ries, the results are 
s hown to rern ain valid when non- ne i ghbo r interactions are taken into 
account. 
II. Augm ented Tight- B inding Formulation. 
~str~~- The analy s is of homonuclear conjugated s y stems, 
which has been given within the limits of the tight-binding a pp roximation 
in the first paper of this series, is extended to include the interactions 
between non-neighbor atoms and the variation in the interactions between 
neighbor atoms. Both kinds of interactions are included as perturbation 
effects on the tight- binding approximation. As a consequence, the 
formalism developed for the latter is not being complicated and the 
interpretations remain unchanged. Application to benzene and 
naphthalene shows that the approach furnishes useful insights . 
III. The Topological Matrix as Generatrix of Bondorders in 
Homonuclear Conjugated Systems. 
Abstract - It is shown that in homonuclear conjugated sys tems the 
various bondorders and similar quantities can be written as matrix 
functions of the topological inc.idence 1natrix . Thi s entails the existence 
of a number of useful general relations between these various quantities . 
The relations include as special cases: Coulson and Rushbrooke 1 s 
theorem on chargeorders in alternants; G. G . Hall 1 s theorem on 
bondorders in alternants; McWeeny 1s theorem on the formal charges; 
Ham and Ruedenberg 1 s correlation between Coulson and Mulliken 
bondorders for neighbors in alternants. A number of new relations 
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between bondorders are derived and d i scussed. The generalization 
from alternants to non~alternants is given parti cular attention. 
IV. Integral Formulas . 
Abstract - Formulas are established for all carbon and hydrogen 
penetration integrals occurring in the tight- b i nding approximation of 
the theory of mobile electrons . The orbi tal exponents of the penetrated 
shielding orbitals may differ from the o rbital exponent of the penetrating 
2p1T electrons . A s imple correl a ion between kinetic energy integral 
and overlap integral is found . 
V . Empirical Determinati on of Integrals B etween Carbon Atomic 
Orbitals from Experimental Data on Benz ene . 
Abstract - It i s shown that the experimental information given 
in the ultravi olet spect rum of benzene uni quely determines the two-
center coulomb in egrals between the 2p'rr atomic orbitals of carbon 
as a function of t he internuclear d i stance . The calculations are 
carried out including all terms involving neighbor overlap. For the 
many- center electron-interacti o n integrals , the Mulliken approximation 
and the London approximati o n are both considered with little difference 
in the results . Some peculi ar proper i es of the empiri cally determined 
distance dependence are com.pared with the theoreti cal behavior of two-
center coulomb i ntegrals . The empi rical values for the resonance 
i ntegral and the coulomb integral are a l so found. 
VL Theoretical Evaluati on of Energy Contributions. 
Abstract - The e nergy contributions of the molecular framework 
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are analyzed in detail without use of unjustified relationships. The 
valence- state potential of carbon, used in the framework potential, 
and the 2p1T atomic orbitals are determined by a minimum principle . 
Coulomb Integral and Resonance Integral are evaluated from their 
constituent integrals in the tight-binding approximation. The 
agreement with the empirical values is unsatisfactory for the coulomb 
integral but very good for the resonance integral. The approximate 
proportionality between energy matrix elements and overlap integrals 
is proven for a variation of the internuclear d i stance between 1. 26 
and 1. 54 Angstrom. 
Pyrometallurgy 
1. Low Decontamination Separations (A. F. Voi gt) 
1. 1 Vapor Pressure Measurements 
In the development of high temperature separation processes which 
could be applied to fuel reprocessing cycles , the lack of fundamental 
thermodynamic data has slowed progress considerably in a number of 
instances. In order to fill in some of these missing data a program of 
measurement of vapor pressures of components in mixtures and of 
decomposition pressures of compounds has been initiated. The materials 
which will receive study are alloy systems of interest in connection with 
processing, and intermetallic compounds in these systems. 
Two different approaches are being used to obt ain these data, the 
Knudsen effusion technique and a modified dew-point method. In both 
cases the measurements are made by the use of radioactive isotopes 
to trace the element of interest. 
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The Knudsen effusion technique is at its best at fairly low vapor 
pressures. Alloys containing a radioactive tracer for one component are 
heated in small crucibles with a tiny hole in the lid, the system bei ng in a 
high vacuum. The effus i ng vapor is collected on a series of planchets 
kept cold to ensure complete collection of the impinging molecules. The 
vapor pressure is calculated from the measured counting rate of the 
deposited vapor . An all-metal apparatus is under construction and should 
be in operation w i thin a month or two. 
The dew-point apparatus was de.signed to permit observation of the 
temperature at which condensation of pure vapor occurs above a mixture 
kept at a higher temperature. The observation of condensation i s made 
by incorporating into the alloy a gamma- ray emitting tracer for the 
volatile element and focusing a scintillation counter at the cold finger by 
means of a collimator. It was found that condensation could be detected 
h 1 h ·11 · f . · · · ·z 65 d · d w en ess t an one m1 1gram o z1nc, conta1n1ng n , was epos1te on 
the finger. Some preliminary and calibration data have been taken with 
this apparatus using pure zinc and samples of zinc-magnesium alloys. 
l. 2 Alloy Extractants 
The observation that some fission products are almost completely 
removed from uranium by extraction w i th a silverf-magnesium alloy while 
other similar elements are not , has indicated that such alloy extractions 
may be of value in pyroprocessing. Studies on one additional fission 
product , ruthenium, showed that it behaved like zirconium in remaining 
with the uranium phase in contrast to cerium which is extracted. 
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Preparations for experiments with other rare earths and for definitive 
experiments with plutonium are now in progr·ess. 
Analytical Chemistry 
l. Analytical Procedures (C. V. Banks and J. S. Fritz) 
1. 1 Oxygen 
1. 1. 1 High Temperature Fluorination 
Work was continued on the high temperature fluo1;ination (KBrF 4 ) 
method for the determination of oxygen in inorganic materials. The 
reaction between the inorganic substance to be analyzed for oxygen and 
the KBrF4 is carried out in an evacuated nickel-reaction chamber at 
450°C. The molecular oxygen -evolved is measured manometrically 
after. all condensable gases are frozen out in liquid nitrogen cold traps. 
A description, of the apparatus and the procedure _are given in more 
detail in AEC Report IS-1. 
A comparison of the results obtained on several representative 
samples of yttrium fluoride by the high temperature fluorination, 
vacuum distillation, and the inert gas fusion technique is given in Table 
·XIV. The values in parentheses_ .are duplicate values which show large 
disagreements. 
Tfhe high temperature fluorination apparatus is presently being 
rebuilt. A redesigned gas measurement system which will be more 
sensitive and accurate is being constructed. The new system will also 
permit oxygen to be separated from nitrogen which is also liberated by 
KBrF 4 if any nitrides are present in the sample. The new apparatus is 
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designed so that the addition compound, KBrF 4 , can be prepared directly 
in the reaction chamber. This should result in lower blanks and safer 
hanaling of B r F 3 . 
Table XIV 
Dete~mination of Oxygen in YF 3 
% Oxygen 
Vacuum Inert 
Sample Distillation KBrF4 Gas Fusion 
A ' 046 . 045 
B . 140 . 149 
G . 285 . 200 . 279 
D . 186 . 088 . 163 
E . 032 . 017 . 036 
F . 030 . 036 . 048 
G . 062 . 050 (. 120) . 121 
H .433 . 360 .431 
I . 682 . 640 ( 1. 0) . 694 
J . 042 .049(.17) . 041 
1. 1.-2 Inert ,Gas Fusion 
The determination of oxygen in yttrium metal and sponge, and in 
yttrium fluoride by the inert gas fusion technique, was thoroughly 
investigated. A comparison of the results obtained on representative 
samples by the inert gas fusion method and other, methods is given in 
Tables XV and XVI. 
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Table XV 
Comparison of . Oxrgen Results on Yttrium 
%Oxygen 
Vacuum Inert 
Sample · Spec . Fusion Gas Fusion 
Y metal 1. . 166 . 155 
Y metal 2. . 220 . 213 
Y metal 3. . 074 . 073 
Y metal 4. . 163 . 162 . 157 
Y metal 5. .040 . 039 
Y metal 6. . 045 .044 
Y metal ~;r .. . 175 . 165 
Y metal 8. . 334 . 327 
I 
Y s.ponge 9. .048 .035 . 033 
Y sponge 10. .-042 .032 . 033 
Y sponge 11. . 034 . 035 . 031 
Y sponge 12. . 052 .046 
The Analytical Chemistry Group also participated in the Task Force 
on the Determination of Oxygen in Titanium. The results obtained on a 
series of titanium and titanium alloy samples in this laboratory. and the 
.accepted values are given in Table XVII. The accuracy and precision obtained in 
this laboratory, by the inert gas fusion method was as good or better than most 
of the participating laboratories. 
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· Table XVI 
Comparison of Oxygen Results on Yttrium Fluoride 
%Oxygen 
Vacuum Inert 
Sample Spec. Fusion KBrF4 Gas Fusion 
1. . 050 . 044, . 048 .044 
2. . 290 . 200 . 279 
3. . 156 .088 . 163 
4. .033 . 017 . 036 
5. .145 . 178 .143 .160 
6. . 090 .138 .094 . 104 
7. .058 .068 . 071 . 125 
8. .' 433 . 360 .431 
9. . 682 . 640 . 694 
10. .042 . 049 . 042 
Silver oxide has proved to be a suitable standard but is somewhat 
inconvenient to use. · The crucible used in the standardi~tion cannot be 
used for subsequent runs on yttrium or titanium samples due to the 
volatility.of silver. Consequently, a sample of yttrium metal which has 
been analyzed a large number of times, and has given very reproducible 
resultsJ is now used as a secondary standard. 
The probable necessity of determining o~ygen in the less than 50 ppm 
range in the near future, has prompted an investigatioi:\:ci means of lowering 
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the blank. Present blanks are in the 2 0 to ·1:0 ppm range, ~ thoug h fairly 
reproducible and not too objectionable at pre sent, will be t oo h i gh for 
precise analytical work on very pure rnetals. 
Table XVII 
Oxygen Results on Titanium 
Sample o/o 02 o/o 0 2 by Inert Gas Fusion 
WA-10 • 144 used for standard curve 
WA-49 . 035 . 030 . 037 .026 
WA-58 . 105 . 101 . 103 . 096 
WA-69 . 168 . 166 . 152 . 156 
WA-70 . 112 . 091 . 098 . 105 
WA-80 ? . 144 . 137 . 152 
Present plans are concerned with the purification of the argon stream 
and design of the sample addition port. It is believed the blank can be 
significantly reduced by such relatively simple changes but it may be 
necessary to make some fairly fundamental change s including redesign of 
the crucible and furnace section and of the oxygen measuring s ystem. 
1. 2 Differential Spectrophot9m~-~-r y_ 
Several papers in the recen t literature h ave purported to s h ow a n ew 
spectrophot01n etric technique cap able of extrem ely hig h precision. An 
attempt to use this technique was made in this laboratory for the analysis 
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of certain rare-earth mixtures. An increase in precision was observed 
b . d 10 ut not as great an 1ncrease as was expecte . Further investigation 
of the theory underlying this method has revealed the technique to be 
founded on an erroneous premise that the principa~ source of error in 
differential spectrophotometry is the ''scale-reading error". The ad-
rnbssii'G>nf.onthfs-premise leads to the two stanaa;ra techniques in which the 
instrument is balanced at both the zero and 100 ends against reference 
solutions of finite concentration. 
The claim that this method will give the highest precision attainable 
by the differential method is false because the premise on which the 
argument rests is false. The highest precision can be obtained by the 
transmittance ratio method as can be shown both theoretically and 
experimentally. 
It was felt the importance of this technique in analytical work 
justified a thorough investigation of the theory underlying the method. 
A considerable amount of experimental work will probably also be 
carried out both to substantiate the theory and to adapt the method for 
new purposes. 
1. 3 Niobium and Tantalum 
A solvent .extraction procedure was developed for separating small 
amounts of niobium from tantalum. The niobium was extracted from a 
concentrated hydrochloric acid media with an eight per cent solution of 
10 Banks, C. V., J. L. Spooner and J. W. O'Laughlin, Anal. Chem. 
30, 458 (1958). 
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tribenzylamine in methylenechloride. The extracted niobium was then 
back extracted with a three per cent tiron solution 0. 5 M i n hydrochloric 
acid. The absorbance of the niobium-tiron complex was read after 
suitable dilution. 
An ion exchange procedure originally developed by Dr. D. H. Wilkins 
of the General Electric -Company was adapted for the separation of niobium 
and tantalum from numerous other elements and the separation of niobium 
from tantalum. Tantalum recoveries on known samples in which the niobium 
to tantalum ratio was 20 to 1 were low, about 96%, but the method can 
probably be used for rough analytical work. 
1. 4 Determination of vic -Dioximes 
A paper, . "The Determination of vic-Dioximes 11 by C. V. Banks 
and J. J. Richard,w~LpuJ:alj.s~d .. in·Ta~hMa~.~. 235-8 (1959) 
Abstract - Iodine in the presence of mercury(II) acetate in 
nonaqueous media quantitatively dehydrogenates vic -dioximes to the 
corresponding furoxanes. This reaction was used to develop a 
titrimetric _method for the quantitative determination of various 
aliphatic and alicyclic vic -dioximes. Fifteen different vic-dioximes 
were titrated successfully by. this method. Several of the furoxanes of 
the vic-dioximes were isolated and their physical properties recorded. 
1. 5 Determination of Palladium 
A paper, "Spectrophotometric Determination of Palladium Using 4-
Methyl-1, 2-Cyclohexanedionedioxime" by C. V. Banks and R. V. Smith 
was submitted for publication in Anal. Chim. Acta. 
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Abstract - . A p:r-oce~ure for the determination of palladium with 
4-methyl-1, 2-cyclohexanedionedioxime by an extraction-spectra -
photometric method has been developed. Interference by copper(II), 
cobalt(II), il;on{II), or iron(III) can be eliminated by suitable masking 
agents. · Ruthen,ium(III) mu.sl be absent or separated prior to the 
deter-mination of pallad~um. The molar absorptivity of the 
bis(4-methyl-l, 2-cyc~ohexanedionedioximato-N, Nl) paUadium(II) 
. --
. 4 / complex ha.s been calculated and found to be 1. 51· 10 1 ,moles-em 
in chloroform at .280 mu. 
1. 6 Complexes of Beryllium and Copper 
A paper, "Co.mposj.tion and Stability of 5-Sulfosalicylate Complexes 
of. Beryllium and Copper" by C. "V. Banks and R. S. Singh was submitted 
for publkation in J ... !un· ,Chem. ·Soc .. 
. Abstract -'Spectrophotometric stu4ie~of the beryllium.;.5-sulfosalicylate 
system indicate .the presence of two complexes; one predominating at 
pH 5.., 2 and another predominating . at pH 8. 0. Job's method of continuous 
variations showed that at pH 5. 2 the ratio of ·beryllium to 5- sulfosalicylate 
in the predominant complex is 1:1. · Evidence is presented that the 
phenolic proton of 5- sulfosalicylic acid is displaced upon formation of 
e.ither the 1:1 o;r the 1:2 complex, The stability constants of the 
be:t:"yllium-5- sul£osalicylate complexes were calculated spectrophotometrically 
. and -by_Bjerrum's method. : The log k values were found to be log k 1 -= 
11. 46, log k 2 -;:; $. 62 .and log k 1 ;:; 11. 50 , log k 2 = 8. 84, respectively. 
The stability c_onstants of the two known copper-5-sulfosalicylate complexes 
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were calculated by Bjerrum 1 s method and the log k values were found 
to be log k 1 = 9. 27 and log k 2 = 6 . 6'.r. 
l. 7 Stability Or~.-b rs of Transit~S?.:2_~etal Complexe s 
A paper, "Stability Orders in Transition Me tal -l, l 0-Phenanthroline 
Cornplexes 11 by C. V . Banks and R . I. Byst roff was submitted for 
publication in~· Am. Chem. Soc. 
Abstract - Stability constant s are measured for complexes of 
Fe(II), Co(II) , Ni(II), Cu(II) , and Zn(II) with some 5 - substituted - 1, 
10-phenanthrolines, and are tabulated with other constants reported 
in the literature . It is found t hat the order of stabilities for the 1:1 
complexe s follows the expected series : Fe(II) < Co(II) < Co(II) < Ni(II) < 
Cu(II) > Zn(II), The l : 3 comp lexes follow an anomalous order which is 
attributed to nonunifor rnity in the metal i ons with respect to the symrnetry 
of the octahedral configuration . An irnportant irnplic ation in this 
interpretation is that the trans-configuration of bis(l , 10-phenanthroline) 
copper(II) is sterically unstable . 
l . 8 Study of Elution Behavior (J . S. Fritz) 
The elution behavior of 24 metal cations from a cation exchange column 
with ethylenediammonium perchlorate has been studie d . These results show 
that most divalent metals can be separated from trivalent metals in 20 to 50 
minutes elution. When eluted with a perchlorate salt , lead remains on the 
column with the trivalent metal ions . A few of the separatwns require that 
the column be heated to approximately 70°C, Several synthetic metal 
samples have been successfully separated and analyzed by this i on-exchange 
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method. Future work will include the attempted separation of trivalent 
metal ions from thorium, zirconium and hafnium. 
1. 9 Study of Distribution Coefficients 
Batchwise distribution coefficients have been determined for several 
additional metal ions as a functJ.iomcd ethylenediammonium ion concentration. 
This information is used to predict suitable conditions for column separations. 
Distribution coefficient studies as a function of added chloride ion have shown 
that lanthanum forms a 1 : 1 chloro complex . 
Distribution coefficients of several metals between isopropyl alcohol-
water-hydrochloric acid and an anion exchange resin (Dowex 1 X 8) have 
been carried out. These have been done , lileeping the hydrochloric acid 
concentration constant and varyi ng the isopropyl alcohol concentration, 
and by keeping the .alcohol concentration constant and varying the hydro-
chloric acid concentration. This information permits prediction of 
conditions for separation of metals. A few actual column runs have borne 
out the predictions ;rather well. 
1. 10 Alcohols and Phenols 
A paper, "Acid- Catalyzed Acetylation of Organic Hydroxyl Groups" 
by James S. Fritz and George H . Schenk has been accepted for publication 
in Anal. Chem. 
Abstract - Perchloric acid-catalyzed acetylation of primary and 
secondary alcohols is shown to be quantitative and can be carried out 
much more rapidly than by existing procedures. Acetylation of 
alcohols in ethyl acetate solution requires only 5 minutes at room 
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temperature. Hindered alcohols , glycols and hydroperoxides also 
react quantitatively. Perchloric acid also catalyzes acetylations 
carried out in pyridine, but the rate is slower than in ethyl acetate. 
In pyridine, primary and secondary alcohols can be determined in 
the presence of moderate amounts of tertiary alcohols. An 
interference study is made .of the effect of various functional groups 
on acetylation. 
1. 11 Separation, of Metal Ions 
Work was begun on the analytical separation of metal ions using the 
new Dow chelating resin. Batch distribution coefficients of iron, copper, 
uranyl, . and zinc have been run at different pH values in citrate , tartrate 
and sulfosalicylate medium. These results have indicated that column 
separation. of iron and uranium from copper and zinc should be successful. 
2. Bibliography of Alpha-Benzildioxime (C. V. Banks) 
. An Annotated Bibliography of Alpha-Benzildioxime, (ISC - 1038) by 
·charles V. Banks, Nelson J. Fowlkes, Peter Beak and Michael J. 
Maximovich was distributed. 
3. Service Analyses 
A total of 5621 service analyses was made dur.ing the period of this 
report. 
Spectrochemistry 
1. Spectroscopic Research (V. A. Fassel) 
1. 1 Line Misidentifications in the Atomic Emission Spectra of the 
Rare-Earth Elements 
In the course of developing spectrographic methods for the analysis of 
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the rare-earth elements , a number of errors in the MIT Wave Length 
Tables have become apparent. These errors consist of either misidenti-
fication of the rare-earth lines or large discrepancies in the.ir assigned 
intensities. Both types of errors apparently were caused by the 
unrecognized presence of rare-earth impurities in the rare earths whose 
spectra were being investigated. 
In the study just completed a systematic study was made of the rar·e 
earth spectra to deterfn.ine which lines were incorrectly identified. This 
was accomplished in two ways. First, series of spectrograms of the 
highly purified rare-earth fractions from ion exchange columns were 
studied. With these spectrograms it was possible to follow the lines 
of the impurity elements through the successive fractions until they 
either disappeared or leveled off at some intensity which represented 
the intensity of the underlying lines of the matrix rare earth. Secondly, 
spectrograms of previously analyzed rare-earth oxides which were known 
to be the purest obtainable were compared with spectrograms of the 
impurities commonly associated with these rare earths. In this manner 
. approximately 300 misidentified lines have been found. These are 
presently being tabulated and prepared for publication. 
l. 2 Infrared Spectroscopy 
A paper, "Observations on the Silicon-Hydrogen Vibrational Bonds 
in Alkyl and Aryl Substituted Silanes 11 by R. N. Kniseley, V. A. Fassel 
and E. E. Conrad has been accepted for publication in Spectrochim. Acta. 
Abstract - A study of the infrared spectra of mono-, di-, . and 
triphenylsilane and the corresponding deuterated silanes has led to 
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the characterization of the frequencies associated with the silicon-
hydrogen vibrational modes. In addition, the infrared spectra of 
80 other mono-, di-, and trisubstituted silanes have been examined 
and the frequencies of the silicon- hydrogen vibrations recorded. 
This information has been assembled into a correlation chart 
which relates the number and position of the absorption bands to the 
degree of substitution on the silicon atom . Likewise , the frequencies of 
the silicon-hydrogen vibrational modes can also be related to the 
character of the substituent groups present on the silicon atom. 
1. 3 Determination of Gaseous Ele~ents in Metals 
A paper '"Emission Spectrometric Determination of the Gaseous 
Elements in Metals" by V. A. Fassel, W. A. Gordon, R . J. Jasin~ki and 
F. M. Evens was published in Rev. Univ. Mines. 
1 . . ~ Vacuum Fusion and Vacuum Distillation Analytical Methods 
The progress made in applying vacuum fusion and vacuum distillation 
techniques to the analysis of yttrium metal and its compound is discussed 
in detail in Report IS-1. 
1. 5 Analytical Spectroscopy of Yttrium and Its Compounds 
A report on the progress made in the Ames Laboratory on applying 
emission spectrometric techniques to the analysis of yttrium metal and 
its compounds was compiled. Results of studies on the preparation, 
properties and analysis of high purity yttrium oxide .and yttrium metal 
at the Ames Laboratory are given in detail in Report IS-1. 
2. Spectroscopic Servic.e Analyses (V. A. Fassel) 
During the period covered by this report, 4106 samples were analyzed 
or examined by optical emission, X - ray fluorescence , and infrared 
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absorption spectrometric techniques. In addition, 116 analyses were 
performed by vacuum fusion - manometric methods. 
Radiochemistry 
1. Radiation and Hot-Atom Chemistry (A. F. Voigt) 
We are continuing the study of the behavior of C 11 when produced 
. . d b h . c 12 ( ) c11 1n organ1c compoun s y t e reactlon y, n ' . During this period 
it has be~n found possible to irradiate hexane, cyclohexane and benzene 
and to identify low molecular weight products by gas chromatography. 
By. the use of a well-type scintillation counter enclosing a counting cell 
through which the gas flows, coupled with the usual thermal-conductivity 
cell of the gas chromatograph, it is possible to esti mate the yields of 
the various hydrocarbons produced. Metha-n .e, ethane, ethylene, 
acetylene and various three-and four-carbon fragments are produced. 
At present these irradiations are being performed at temperatures below 
the melting points of the hydrocarbons to determine the effect of the phase 
of the mater i al during i rradiation. The irradiated material is al'so being 
examined to determine the amounts of higher hydrocarbons (six- to eight-
carbon compounds) produced in the irradiations. 
The three hydrocarbons studied, members of three classes, alkyl, 
cycloalkyl and aryl, will permit comparison of the relative amounts of 
various products and the correlation of this information with the structures. 
The companion study of the radiati on chemistry of gaseous hydrocarbons 
is concerned with the products obtained by the irradiation of labelled 
. b . h c 60 1so utane w1t o gamma-rays. Both C 14 labelled isobutanes (methyl 
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and tertiary carbon labelled) are being irradiated to determine as· much 
as possible about the mechanism of formation of the products. Separation 
by gas chromatograph and measurement by counting and thermal 
conductivity are bei ng used to identify the products and determine the 
amounts present. 
2. Activation Analysis (A. F. Voigt) 
A study was completed on the possibility of using synchrotron-gamma 
radiation for the activation of carbon and nitrogen impurities in vanadium 
metal as a method of analyzing for these impurities . The activation was 
attempted on eight samples of vanadium for which chemical analyses of 
carbon and nitrogen were a vailable. The decay curves obtained could be 
analyzed into several periods , the 10.0 min N 13 , 20.5 min c 11 and a 
longer-lived acti vity induced in the vanadium itself with a decay period of 
about two hours. Using this latter period as an internal standard the 
decay curves were analyzed into t hree components both by visual techniques 
and with a least squares treatment us ing the IBM 650 computer. The 
latter method proved unsuccessful s i nce the v alues of the intercepts in some 
cases were negative , a patently absurd s ituation . The data did not appear 
to be worth treating by a more elaborate computer procedure which would 
avoid this difficulty and the v alues of the intercepts obtained by the visual 
treatment were used. The d1fficulty of resolving 20-minute and 10-minute 
decays proved to require data with better statistics . The results for 
carbon were not reliable enough to establish a calibration constant or 
equation. However , an equation was obtained which expressed the results 
for nitrogen for almost all of the samples within about lOo/o . 
59 
It can be concluded that the use of activation analysis of metals in 
general for carbon and nitrogen by this method of gamma irradiation 
would be quite difficult and rather qualitative if both are present. For 
samples with only one of these elements the method could be quite 
successful. 
3. Photo-production of Be 7 (A. F. Voigt) 
While the various photon-induced reactions which led to the production 
of the transitory Be 8 nucleus have been studied extensively, only a single 
\ 
report has been made on the production of the 53 day Be 7 by a photonuclear 
process. This reported method, the Be 9 (y, 2n)Be 7 reaction, is only_ one 
of several processes which could give rise to the Be 7 nucleus. 
A study of the production of Be 7 by photon irradiation has been started 
to investigate the Be 9 (:y, 2n) reaction in more detail, to determine whether 
other reactions do give .this product and to establish maximum cross-sections. 
The observable radiation from Be 7 is a 475 kev gamma ray which t 
accompanies the electron capture process in about lO% of the decays. The 
use of a well-type scintillation crystal and a 256 channel analyzer-spectrometer 
provides a sensitive method of observing the decay. Some Be 7 produced in a 
cyclotron has been pro~,ured to obtain comparison spectra. 
Thus far the production, of Be 7 by the reaction Be 9 (y, 2n) has been 
duplicated and this product has also been produced by the process C'~ ' 2 (y ,. an). 
In both cases the yield was very low, and the high sensitivity of this method 
of detection was necessary in order to observe the radiation. The production 
of this isotope by the gamma irradiation of boron was attempted but the 
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desired product was not observed. A long-lived product with considerably 
different gamma-ray energy and no apparent beta radiation was observed in 
the irradiation of boric acid. This product is being studied either to identify 
it as a known nuclide produced from an impurity or to establish that it is a 
previously unknown isotope of one of the light elements . 
4. The Extraction of Cadmium Iodide (A. F. Voigt) 
The extraction of cadmium iodide into organic solvents has been studied 
as a method of establishing the species present in aqueous solutions of 
cadmium and iodide ions and the formation constants of these species. 
Earlier work with iso-amyl alcohol as extractant could be interpreted in 
several ways and another sol vent was sought in which the species present 
could be defined more clearly. Octanol-l was chosen as solvent since the 
solubilities of the inorganic species present, other than cadmium iodide, 
are much less for this solvent than for the lower alcohols. 
As the iodide concentration i s increased at constant ionic strength 
and low cadmium concentration, a maximum extraction occurs followed 
by a rapid decrease at higher iodide concentrations. With the assumption 
that Cdi2 was the only species extracted, this curve was analyzed in terms 
+ = of the formation constants for the complexes Cdl to Cdi4 • A consistent 
., 
set of these constants was obtained which agrees with those in the literature 
which were determined by the use of much less direct methods. 
5. Solubility of Mercury in Organic Liquids (A. F. Voigt) 
The solubilityr of mercury metal in various organic liquids has been 
measured using radioactive tracer techniques. The liquids have included 
61 
benzene, toluene, carbon tetrachloride and various substituted benzenes. 
In some cases the measurements have been carried over a range of 
temperatures -above and below room temperature. A number of theories 
of solubility have been proposed which were intended by their authors to 
cover the situation of a non-polar solute like mercury metal. Solubilities 
calculated from these theories are being compared with the observed 
data in order to check the validity' of the theories. It appears that some 
definite conclusions in favor of particular theories will be possible when 
this work is completed. 
X-Ray Chemistry 
1. X-Ray Crystallography (D. R. Fitzwater) 
1. 1 Hydrogen Bonding 
The structure of MM' -dichlorobenzoyl methane has bern studied. 
This compound is not isomorphic with the previously studied bromo compound. 
The chloro compound is in either the space group Pbcm or in Pca2 1 . In 
space group Pbcm, the unit cell dimensions are: 
0 
a - 3. 850 + 0. 002A 
0 
b ::; 30. 082 + 0. OOSA 
0 
c = 11. 173 + 0. 002A 
The Patterson Projection using ( h o J.) data was computed. The interpretation 
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of the Patterson is not completed but it seems to indicate a noncentrosymmetric 
space group Pca2 1. Because of the difficulty (but not impossibility) of refining 
the structure in such a space group, new crystals of the bromo compound 
will be prepared and improved X-ray data will be obtained. This will then 
be used to improve the refinement of the bromo structure. 
1. 2 Structure of LiCuC1 3 · 2H20 
A three dimensional refinement of the X-ray data has been carried out 
with a significant improvement in standard deviations of parameters. The 
final parameters and their standard deviations are given in Table XVIII. 
Table XVIII 
Parameters of LiCuC1 3 · 2H20 
Atom X y z B/~ 2 X y z 
Cu . 8251 .0.0003 .0070 0.0001 . 11191 0.0002 3.46 
Cl 1 . 5332 0.0006 .1295 0.0003 . 1194 0.0003 3.83 
c12 .8913 0.0005 .3809 0.0003 . 4186 0.0003 3.84 
Cl3 . 2012 0 . 0006 . 3981 0.0003 . 1827 0.0003 3.89 
01 .1568 0.002 . 1321 0.0009 . 3062 0.001 4.70 
02 . 6466 0.002 .3954 0.0009 . 0350 0.001 4. 64 
Crystals suitable for single crystal neutron diffraction have been grown, 
and the diffraction work is underway at Brookhaven National Laboratory. 
A paper "On the Structure and Magnetic Properties of LiCuC1 3 · 2H20" 
by P. H. Vossos, L. D. Jennings and R. E. Rundle was submitted for 
publication in::!_. Chem. Phys. 
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1. 3 Phenyl Compounds 
The crystal structure of phenylmagnesium bromide is being studied. 
The crystal is tetragonal in the space group P 4/m me or P4mc . The 
0 0 
lattice constants are a = b ;::; 10. 65A and c = 15. 33 A. 
The available positions and the density of 1. 73 + 0. 01 indicate either 
1 or t of an ether per phenylmagnesium bromide. The values for one 
ether molecule are more consistent. This leads to eight molecules per 
2 
unit cell. [ F(hkO)] have been measured and a Patterson projection 
I 
has been computed using this data. The interpretation of the Patterson is 
now in progress. 
I . 4 Absorption Corrections 
The integration required for absorption correction of X-ray diffraction 
data from general ellipsoidal-shaped crystals has been carried out. The 
resulting formula for the absorption correction is quite accurate up to R 
values of --1. 0. This range includes most of the commonly studied types 
of crystals, and will make possible a considerable increase in the accuracy 
of the data. 
1. 5 The Crystal Structure of Triethylenediaminenickel(II) Nitrate, 
A complete three-dimensional structure analysis of Ni(en) 3 (N03)2 was 
carried out using the X-ray method. The packing of the [ Ni(en) 3] ++ and 
(N03 ) groups in the crystal is of extreme interest. Two nitrate ions are 
stacked one above the other to form a close packing with the complex ions. 
Although this configuration would seemingly_ give rise to electrostatic 
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instability, a stable crystalline field is achieved, apparently by interactions 
involving the hydrogen atoms, some of which are participating in the formation 
of bifurcated hydrogen bond of the type, O---(H-N) 2 . 
1. 6 The Crystal Structure of j3-Hg (M. Atoji and C. A . Swenson) 
A new X-ray powder camera with a dewar was constructed for low= 
temperature diffraction study at temperatures between 77 oK and 4 °K. The 
crystal structure of j3 - Hg was studied using this low-temperature camera. 
The structure is a body-centered tetragonal with two mercury atoms in a 
0 0 
unit cell of dimensions, a = 3. 995A and c = 2. 825A. The metallic valency 
structure and Debye temperature of j3-Hg were compared with those of a-Hg. 
2. Neutron Diffraction Studies (M. Atoji) 
2. 1 Sodium Tungsten Bronze 
A paper, "Neutron Diffraction Study on Sodium Tungsten Bronzes 
Naxwo3 (x = 0. 9 -o. 6)" by Masao Atoji and R. E. Rundle was submitted 
to J. Chem. Phys . 
Abstract - The neutron diffraction data of single crystals of 
Nax wo3 with x = 0. 75 and 0. 64 and the neutron powder data of these 
with x = 0. 56, 0. 71 and 0. 86 were obtained using the Argonne neutron 
spectrometer. The crystals used were birefringently twinned at room 
temperature and the average structure obtained has the cubic-cell 
dimension a = 2a 1 , where a 1 is the one obtained from the X-ray method. 
The average structure may be described as a super-lattice of distorted 
perovskites . The tungsten atoms occupy the regular perovskite 
positions, but the o~ygen atoms are under a statistical distribution . 
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For x = 0. 75, no sodium atom is found at (000) and(-~+~). For those 
with x > 0. 75, these positions could be partlyfilled by sodium atoms. 
The single crystal neutron data at about -l60°C are also discussed 
in connection with the twin structures. 
2. 2 Lanthanum .Deuteroxide 
A paper, 11 The Deuterium Positions in Lanthanum Deuteroxide by 
Neutron Diffraction 11 by M. Atoji and D. E. Williams was submitted for 
publication in J· Chem. Phys. 
Abstract - The deuterium positions in La(OD) 3 have been determined 
by the neutron diffraction method. No hydrogen bonding was found in this 
structure. The close packing structure around the deuterium atom is 
characterized by the average distances of D-D = 2, 29A and D-0 = 
0 ' 
2 . 74A. The infrared absorption spectra of La(OD) 3 and La(OH) 3 are 
briefly discussed. 
2. 3 Calcium Dicarbide and Uranium Dicarbide 
A paper, 11 The Structures of Calcium Dicarbide and Uranium Dicarbide 
by Neutron Diffraction 11 by M. Atoji and R. C. Medrud was submitted for 
publication in.:!_. Chem. Phys. 
Abstract - The C-C distances of the c 2 groups in calcium dicarbide 
and uranium dicarbide have been determined by the powder neutron 
diffraction method. The C-C distance in calcium dicarbide is l. 20 + 
0 0 
0. OlA, equal to the triple bond C-C distance, but not l. 4A as reported 
previously. Uranium dicarbide is isostructural with calcium dicarbide 
I o 
and has the C-C distance of l. 34 + 0. OlA ¢ss€mtially thiH of a C-C 
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double bond. The interatomic distances in calcium dicarbide, uranium 
dicarbide, lanthanum dicarbide and lanthanum sesqui carbide are 
discussed in connection with the electronic configuration of the c 2 group. 
3 . Structure of Phosphine (L . S. Bartell) 
A paper , ''An Electron Diffraction Study of the Structure of Phosphine 1' 
by L. S. Bartell and R . C. Hirst was submitted for publication in J. Chem. Phys. 
Abstract - The structure of gaseous phosphine was investigated 
by the sector-microphotometer method of electron diffraction. It was 
found that the length of the P-H bond was r (0) = l. 437 + 0 . 004A and the g -
root-mean -square ·amplitude of vibration was 0. 085 + 0. OOBA. The 
asymmetry of the stretching vibration was estimated and used to deduce 
the approximate equilibrium bond lenth, r """ l. 419A. The H---H 
e 
distance, while observed, was not sufficiently accurate to provide a 
useful value of the bond angle . The diffraction values are compared 
with spectroscopic values considering briefly the effect of the zero-
point vibrations on each. 
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APPENDIX I: LIST OF REPORTS FROM THE AMES LABORATORY 
1. Reports for Cooperating Laboratories 
H. A. Wilhelm and R. E. McCarley. List of High Purity 
Metals Available from American Producers. 
Charles V. Banks, Nelson J. Fowlkes, Peter A. · Beak and 
Michael J. Maximovich. Annotated Bibliography of Alpha-
Benzildioxime. 
Ames Laboratory Staff. Chemistry. Semi-Annual Summary 
Research Report. January-June, 1958. 
Ames Laboratory Staf( • . Metallurgy. Semi-Annual Summary 
Research Report. January-June, 1958. 
Ames Laboratory Staff. Metallurgical Development for 
Hanford Program:Semi-Annual Report. January-June, 1958. 
Donald R. Saxton and Glenn Murphy. Creep of Uranium. 
M. Smutz, G. Burnet, J. Walker, R. Tischer and E. Olson. 
Preparation of Low Oxygen Content Yttrium Fluoride. 
R. W. Johnson and E. H. Olson. Separation of Cerium from 
Other Rare Earths by Ignition of the Nitrates. 
s. Katz and A. F. Voigt. Exchange and Chemical Reactions 
of Cyclopentadienyl, Cobalt Compounds. 
Ames Laboratory Staff. Engineering. Semi-Annual Summary 
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James R. Melcher and Glenn Murphy. Electromagnetic Field 
Analogy for Neutron Diffusion Theory. 
Ames Laboratory Staff. Metallurgical Development for 
Hanford Program Semi-Annual Report. July-December, 1958. 
A. E. Ray, J. A. Kingston and J. F. Smith. Tabulation, 
Bibliography and Structure of Binary Intermetallic 
Compounds. V. Compounds of Aluminum and Indium. 
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APPENDIX II: LIST OF SHIPMENTS 
Destination Item 
Armour Research Foundation 200 gm crystal bar vanadium 
Illinois Institute of Technology 
Chicago, Illinois 
Physikalisches Inst1tut der 3 rods cerium metal 
Technischen 
Muchen, Germany 
Argonne National Laboratory 
Lemont, Illinois 
Karl S. Vorres 
State University of Iowa 
Iowa City, Iowa 
Biophysics Research Laboratory 
Peter Bent Brigham Hospital 
Boston, Massachusetts 
U. S. Bureau of Mines 
Boulder City, Nevada 
University of California 
Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 
23 yttrium fluoride 
samples 
300 gm lanthanum metal 
300 gm cerium metal 
300 gm neodymium metal 
300 gm yttrium metal 
300 gm praseodymium metal 
300 gm gadolinium metal 
300 gm samarium metal 
5 gm praseodymium oxide 
5 gm neodymium oxide 
5 gm samarium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
1 gm dysprosium oxide 
1 gm holmium oxide 
1 gm erbium oxide 
1 gm ytterbium oxide 
200 mg ytterbium oxide 
200 mg thulium oxide 
200 mg lutetium oxide 
27 gm yttrium metal 
200 gm cerium metal 
200 gm lanthanum metal 
sample of octasodium salt 
of N,N,N',N'-tetrakis-
(phosphonomethyl)-1,2-
cyclohexa:nediamine 
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Destination Item 
University of Arizona 20 gm Gd203 
Tucson, Arizona 20 gm Dy203 
20 gm Ho 2o3 
20 gm Pr6011 
20 gm Er2o3 
20 gm Yb203 
20 gm La2o3 
20 gm Ce2o3 
5 gm ytterbium oxide 
University of New Mexico 5 gm holmium oxide 
Albuquerque, New Mexico 5 gm thulium oxide 
10 gm erbium oxide 
Dr. Torgen Huus 1 gm yttrium metal 
Universitetets Institut for 1 gm lanthanum metal 
Teoretisk 1 gm cerium metal 
Copenhagen, Denmark 1 gm neodymium metal 
1 gm praseodymium metal 
1 gm gadolinium metal 
1 gm lutetium metal 
1 gm erbium metal 
1 gm ytterbium metal 
1 gm samarium metal 
1 gm terbium metal 
1 gm dysprosium metal 
1 gm holmium metal 
1 gm thulium metal 
5 gm praseodymium oxide 
5 gm neodymium oxide 
5 gm samarium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
1 gm dysprosium oxide 
1 gm holmium oxide 
1 gm erbium oxide 
1 gm ytterbium oxide 
200 mg terbium oxide 
200 mg thulium oxide 
200 mg lutetium oxide 
Atomic Energy Research 1 gm lutetium metal 
Establishment 
Harwell, Berkshire, England 
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Destination 
Carnegie Institute of Technology 
Pittsburgh, Pennsylvania · 
Michigan Chemical Corporation 
St. Louis, Michigan 
California Institute of Technology 
Pasadena, California 
Professor Yngve Ohman 
Stazione Astrofisica Svedese 
Isola Di Capri, Italy 
Item 
4 gm cerium metal 
3 10-gm samples yttrium 
metal 
1 gm N15 salt 
2 gm ammonium sulfate 
2 disks gadolinium metal 
